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(54) Process for filling compressed gas fuel dispensers which utilizes volume and density 
calculations 



(57) A process for measuring a total mass of a pres- 
surized fluid flowing through a conduit is provided which 
includes measuring a first volume, temperature and 
pressure of the fluid during a first timed interval of a se- 
quence of timed intervals, calculating a first mass during 
the first timed interval by applying the first temperature 
and pressure to an equation of state to determine a first 
density and multiplying the first density by the first vol- 



ume to determine the first mass, measuring a second 
volume, temperature and pressure of the fluid during a 
second timed interval calculating a second mass during 
the second timed interval by applying the second tem- 
perature and pressure to the equation of state to deter- 
mine a second density and multiplying the second den- 
sity by the second volume to determine the second 
mass, and calculating the total mass of the fluid by sum- 
ming the first and second masses. 
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Description 

BACKGROUND OF THE INVENTION 



[0001 ] The present invention is directed to a process 
for measuring a total mass of a pressurized fluid flowing 
through a volume. More particularly, the present inven- 
tion is directed to an automated fill process for filling ve- 
hicles with compressed gas which uses a density cal- 
culation combined with a volume flow meter to accurate- 
ly measure a mass of compressed gas delivered. 
[0002] Fueling of compressed gas powered vehicles, 
such as hydrogen (in particular, H 2 ) fuel cell powered 
vehicles, can be done rapidly by discharging the gas 
from stored higher pressure vessels into on-board stor- 
age vessels. It is imperative that the mass of com- 
pressed gas be measured and delivered with an accu- 
racy of better than 1 .5% in order to meet the require- 
ments of the various state bureaus of weights and meas- 
ures. Coriolis effect mass meters are typically used 
when fueling natural gas vehicles (NGVs). The wide 
range of flow rates, and the high pressures that are used 
in this process, make it difficult to identify an appropriate 
flow meter. In addition, hydrogen vehicles require higher 
storage pressures than NGVs. As higher supply pres- 
sures are used to fill vehicles, it becomes increasingly 
difficult to find appropriate flow meters that can handle 
the required flow rates and pressures atthe required ac- 
curacy. An objective of this invention is to provide an 
accurate method of mass flow measurement for com- 
pressed gas, for example, hydrogen compressed gas, 
dispensing systems at high pressures. 
[0003] Installations of compressed gas hydrogen 
fueling stations have been very limited to date, and none 
is known to have met national and state standards re- 
quirements. 

[0004] In Canadian Patent No. 1 ,208,742 (Benner) 5 a 
system is taught for automatically filling a vehicle with 
compressed gas. Amass measuring means is used, but 
its particular function is not described. However, known 
commercially available NGV dispensers, which claim to 
meet various national and state standards require- 
ments, typically rely on Coriolis effect meters for mass 
measurement. Therefore, particularly in light of the fact 
that this patent issued in 1986, the invention here also 
is likely to have intended to use Coriolis effect meters. 
[0005] Turbine meters, in general, are not new. For 
example, a patent from 191 2, U.S. PatentNo. 1 ,020,127 
(Coleman), describes a "fluid meter" which is directed 
to what is now known as a turbine meter. In a turbine 
meter such as that described in the Coleman patent, a 
turbine impeller is rotationally mounted in a fluid tight 
casing. The turbine impeller is rotated by impact or re- 
action of the fluid to be measured in a passage through 
a nozzle or nozzles underthe pressure head of the fluid. 
A resistance or load member turns with the turbine im- 
peller and is immersed in and acts on the fluid to be 
measured in a manner to afford a resistance torque so 



that the turbine impeller rotates at a moderate rate. The 
apparatus also includes a registering device, driven by 
the turbine impeller, which indicates the number of rev- 
olutions of the turbine impeller and, consequently, the 
s total volume or quantity of fluid that passes through the 
apparatus. 

[0006] U.S. Patent No. 3,934,473 (Griffo) teaches a 
major improvement made to the basic turbine meter as 
described by Coleman above. Here, a second, counter- 
10 rotating turbine impeller is added to the meter. The fluid 
flow meter has two independently counter rotating tur- 
bine impellers in which fluid characteristics and/or up- 
stream flow disturbances cause minimal variations in 
volume flow rate measurements by the meter as a result 
15 of fluid dynamic interaction between the impellers. The 
angular velocities of each of the impellers are sensed in 
a conventional manner after which the velocity signals 
are added to indicate a total volume throughput, and/or 
rate of flow. 

20 [0007] In Svedeman et a!., "Interim Report, NGV 
Fueling Station Technology Program: CNG Dispensing 
Development Goals," Gas Research Institute, Natural 
Gas Vehicles Technology Research Department, Sep- 
tember 1 994, the authors compare the potential to use 
25 different types of meters for filling vehicles with natural 
gas. Specifically, in Appendix D, a "Review of Current 
Gas Metering Technology," the authors compare meters 
having the following technologies: Coriolis effect, weigh- 
ing systems, thermal, ultrasonic, turbine, vortex shed- 
30 ding, Coanda effect (fluidic meters), differential, critical/ 
sonic nozzles, and positive displacement. These tech- 
nologies were categorized as having either "good," 
"fair," or "poor" potentiator measuring compressed nat- 
ural gas (CNG). The authors give turbine meters, in gen- 
35 eral, a "fair" rating for natural gas. The authors state that 
the pressure capability of turbine meters is adequate 
and the steady flow accuracy is good for CNG dispens- 
ing operations. However, the authors state, two issues 
required to be resolved are "the rangability over which 
40 turbine meters are accurate" and "the response of tur- 
bine meters to rapid transients." In this report, Coriolis 
meters, pyroelectric meters , and ultrasonic velocity me- 
ters were also generally categorized as "fair," while ro- 
tary positive displacement meters and sonic nozzle crit- 
45 ical flow meters were categorized as "good." 

[0008] In White, N., "Natural Gas for Vehicles, Re- 
search and Development Fund, Evaluation of Alterna- 
tive Dispenser Meters," Gas Technology Canada Re- 
port, GTC Report NGV 200-8.43, June 1999, turbine 
so flow' meters were tested for CNG mass measurement 
where conditions were similar to a typical CNG fill sta- 
tion. In the testing, the turbine meter accuracy gradually 
degenerated over a four month test period due to the 
turbine bearings being slowly contaminated with heavy 
55 oil carried over from a compressor. The report also not- 
ed that turbine meters are sensitive to low flow rates 
and, therefore, the flow rates must be verified with prop- 
er turbine selection matched with appropriate flow re- 
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strictions and cut-off levels. The report also indicated 
that turbine meters work as well as Coriolis effect me- 
ters. 

[0009] With specific reference to Coriolis meters, the 
present invention provides for the ability to use a turbine 
meter. Turbine meters are typically substantially less ex- 
pensive than Coriolis meters and may also be more ac- 
curate. 

[001 0] None of this prior art addresses one of the ma- 
jor limitations of volume flow meters and density calcu- 
lation. This limitation is the finite response rate of instru- 
mentation. Pressure, temperature and flow rate all can 
change rapidly during the fill process, as much as 1 50 
bar, 1 0 °C, or 1 0 liters/second, in one second. Since the 
response rate of these instruments is typically on the 
order of one second, significant amounts of flow can be 
missed. The present invention addresses these limita- 
tions. 

BRIEF SUMMARY OF THE INVENTION 

[001 1 ] The present invention is directed to a process 
for measuring a total mass of a pressurized fluid flowing 
through a conduit. The process includes the steps of 
measuring a first volume, a first temperature and a first 
pressure of the pressurized fluid flowing through the 
conduit during a first timed interval of a sequence of a 
plurality of timed intervals, calculating a first mass of the 
pressurized fluid flowing through the conduit during the 
first timed interval by applying the first temperature and 
the first pressure to an equation of state to determine a 
first density and multiplying the first density by the first 
volume to determine the first mass. The process further 
includes the steps of measuring a second volume, a 
second temperature and a second pressure of the pres- 
surized fluid flowing through the conduit during a second 
timed interval of the sequence of the plurality of timed 
intervals, calculating a second mass of the pressurized 
fluid flowing through the conduit during the second timed 
interval by applying the second temperature and the 
second pressure to the equation of state to determine a 
second density and multiplying the second density by 
the second volume to determine the second mass. Fi- 
nally, the process includes the step of calculating the 
total mass of the pressurized fluid through the conduit 
during the sequence of the plurality of timed intervals by 
summing thefirst and second masses of the pressurized 
fluid flowing through the conduit during the first and sec- 
ond timed intervals. 

[0012] The process may be for measuring the total 
mass of a compressed hydrogen gas. The step of cal- 
culating a first mass may include calculating at least one 
of a predicted temperature, a predicted pressure and a 
predicted volume utilizing at least one value obtained in 
measuring the first temperature, the first pressure, and 
the first volume. This would substantially correct any er- 
ror due to an instrument having a finite response rate. 
[001 3] Finally, the plurality of timed intervals vary may 



in length. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE 
DRAWINGS 

5 

[0014] FIG. 1 is a schematic of a system for use with 
an automated fill process utilizing a volume flow meter 
and density calculation for compressed gas fuel dis- 
pensers in accordance with a first preferred embodi- 

10 ment of the present invention. 

[001 5] FIG. 2 is a schematic of a system for use with 
an automated fill process utilizing a volume flow meter 
and density calculation for compressed gas fuel dis- 
pensers in accordance with a second preferred embod- 

15 iment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] The present invention is directed to an auto- 
20 mated fill process for filling vehicles with a pressurized 
fluid, preferably compressed hydrogen gas, H 2 . A den- 
sity calculation combined with a volume flow meter, pref- 
erably a turbine meter, to accurately measure the mass 
of the compressed fluid delivered to a vehicle, may be 
25 used. 

[001 7] Referring now to the drawings wherein like part 
numbers refer to like elements throughout the several 
views, there is shown in FIG. 1 a pressurized fluid dis- 
pensing system, such as a hydrogen gas dispensing 

30 system 10, in accordance with one preferred embodi- 
ment of the present invention. The hydrogen gas dis- 
pensing system 1 0 utilizes the automated fill process of 
the present invention. In the hydrogen dispensing sys- 
tem 1 0, a gas volume flow meter 1 2 is used to fill a com- 

35 pressed gas tank 1 6, for example, of a vehicle 1 4. The 
gas volume flow meter 1 2 may be capable of measuring 
a gas with an inlet pressure of, for example, about 1 0 to 
1000 bar (e.g., about 348 bar), at a temperature of, for 
example, ambient temperature. The volume flow meter 

^o may be capable of measuring, for example, about 1 8 
meters/minute to about 0.01 8 meters 3 /minute of a gas. 
An Exact Flow, Inc., EMF16-DRG, flow meter would be 
appropriate. 

[001 8] The dispensing system 1 0 preferably consists 
45 of an automated fill controller 18 that controls the fill 
process. For example, a GE-9030 or a GE OCS200 or 
a custom controller would operate satisfactorily. 
[001 9] The fill process begins when the compressed 
gas tank 1 6 of a vehicle 1 4 is connected to the dispens- 
50 ing system 10 via supply tank-to-gas tank connector 20. 
The supply tank-to-gas tank connector 20 may be, for 
example, a Weh C1 -18483 TK15 nozzle and a Weh 
C1-18481 TN1 receptacle. Other interchangeable con- 
nectors from, for example, Parker or OPW-Sherex 
55 would also be appropriate. The fill controller 18 opens 
supply tank valve 22 and/or regulator to provide high 
pressure gas stored in supply tank 24 to the vehicle 
compressed gas tank 16. The system may use, for ex- 
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ample, a "cascade system" as known in the art of com- 
pressed gas tilling systems. As in cascade systems, this 
process is repeated through successive banks of supply 
tank valves 22, 26, 30 (and/or regulators) and related 
supply tanks 24, 28, 32. Although three cascade banks 
are typically used in similar applications, a single supply 
tank or more than three supply tanks may be used, de- 
pending upon system requirements. 
[0020] The supply tank valves 22, 26, 30 may be, for 
example, Butech K1 06-21 -21 two-way valves which are 
capable of 10,000 psi (690 bar) or a Whitney SS- 
33VF4-31 C. Storage pressure of the supply tanks 24, 
28, 32 may be, for example, about 250 to 900 bar. The 
supply tanks 24, 28, 32 may be built to standard AMSE 
or DOT codes. 

[0021] As flow of hydrogen gas, preferably H 2 gas, 
passes via gas supply conduit 40 through the gas vol- 
ume flow meter 12, density of the gas is calculated using 
pressure and temperature measurements from pres- 
sure transducer 34 and temperature transducer 36 us- 
ing an equation of state, as described below. Volumetric 
flow meters, in general, are capable of delivering volume 
data alone (rather than flowrate data). For example, in 
a turbine meter, the number of rotations of a rotor may 
be directly proportional to the volume delivered to the 
flow meter such that volume of a gas can be determined. 
Of course, rather than a volumetric flow meter, any de- 
vice capable of determining volume in a similar manner 
would be appropriate. The combination of volume (e.g., 
cubic inches) and density (e.g. kg/cubic inch), calculat- 
ed from temperature and pressure measured in or ad- 
jacent to the gas volume flow meter 1 2 gives an accurate 
measure of the mass(e.g., kg). While not shown as such 
in FIG. 1 , preferably, both the temperature transducer 
36 and the pressure transducer 34 are located slightly 
upstream of the volume flow meter 12. 
[0022] While, in general, any type of gas volume flow 
meter can be used to measure gas volume flow, for an 
accurate measurement, an advanced, counter rotating 
twin turbine type turbine meter is preferred. 
[0023] Use of the gas volume flow meter 1 2, in com- 
bination with temperature and pressure measurement, 
provides for an accurate determination of the mass flow 
during thecompressed gas (hydrogen) dispensing proc- 
ess. Such accuracy is not believed to be achievable by 
use of conventional flow meters typically used in gas dis- 
pensing, such as those based on Coriolis effect, at the 
pressure and flow rates required for hydrogen filling. 
The mass is calculated using the fill controller 18 using 
input data from the gas volume flow meter 12, the tem- 
perature transducer 36 and the pressure transducer 34. 
An equation of state is used which uses temperature, 
pressure, and volume data to determine mass. 
[0024] One equation of state is the ideal gas law, P 
V= n Ru T. This can be restated as 
P = ro R T or ro = P/(RT), where: 

P = pressure (psia); 



10 



25 



T = temperature (ER); 
ro = density (lbm/ft 3 ); 

Ru = universal gas constant = (10.73 psia ft 3 ) / (lb 
mol) (ER); and 

R = Ru/M; in the case of hydrogen gas, R = 5.322 
psia ft3/ ((ibm) (ER)). 

At ambient conditions of P = 14.696 psia and T = 
529.67 ER: 

ro = 14.696/(5.322 * 529.67) = 0.005214 lb / ft 3 



[0025] However, no gas has completely ideal proper- 
ties. Actual gases are said to behave according to P V 
= 2 n R T where Z = (ro ldeal / ro actual ) and is referred to 
as the compressibility of the gas. For example, the ac- 

15 tual density of H 2 at ambient conditions is 0.00521 lb / 
ft 3 . Therefore, Z, at ambient conditions, is equal to 
0.005214 / 0.00521 = 1 .0008. While the effect of com- 
pressibility is negligible at ambient conditions, it does 
become significant at higher pressures. 

20 [0026] There are many equations for estimating Z. Z 
may be a function of pressure and or temperature, de- 
pending upon the estimate. A common example of a 
function for Z is the Redlich-Kwong equation: 



1.5, 



Zrk= 1 / (1-k) - (a / (b * R * T ,J )) * (k/ 1+k). 



However, this equation does not yield acceptable results 
with respect to the conditions anticipated for use with 

30 the present invention. 

[0027] Therefore, in a preferred embodiment, the 
present invention uses an equation based on a curve fit 
to NIST (National Institute of Standards and Technolo- 
gy) data and is accurate over the range of conditions 

35 expected for use with the present invention: 

Z ( P>T) = (5 62 2 * 10- 21 * T 3 -1 .083 * 10* 17 * T 2 + 
7.01 9 * 1 0- 1 5 * T -1 .530 * 1 0- 12 ) * P 3 + (-9.1 90 * 1 0 " 17 
* T 3 + 1 .798 * 1 0- 13 * 7* -1 .1 91 * 1 0" 10 * T + 2.679 
40 * 1 0' 08 ) * P 2 + (1 .592 * 1 0- 13 * T 3 -2.621 * 1 0' 10 * T 2 
+ 9.602* 1 0^ 08 * T + 4.060 * 1 0" 05 ) * P + (1 .455 * 
10" 12 * T 3 -5.124 * 10- 10 *T 2 + -1 .836* 10" 06 *T + 
1.001). 

45 [0028] For example, if P = 5091 psia, and T = 51 8.67 
ER, the following is the design point for a 350 bar vessel: 

Z( P )T ) _ ( 5 6 22 * 10" 21 * 518.67 3 -1.083 * 10' 17 * 
518.672 + 7.019* 10* 15 * 518. 67 -1 .530 * 10" 12 ) * 

50 5091 3 + (-9.190* 10*17 * 51 8.67 3 + 1.798 * 10- 13 * 
518.67 2 -1.191 * 10' 10 * 518.67 + 2.679 * 10" 08 ) * 
5091 2 + (1.592 * 10" 13 * 518.67 3 -2.621 * 10' 10 * 
518.67 2 + 9.602 * 10' 08 * 518.67 + 4.060 * 10" 05 ) * 
5091 + (1.455 * 10' 12 * 51 8.675 - 5.124 * 10" 10 * 

55 51 8.672 .-i .836 * 1 0" 06 * 51 8.67 + 1 .001 ) = 1 2266. 

[0029] Therefore, 
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Ro = 5091 /(5.322 * 51 8.67) / 1 .2266 = 1 .503 lb/ft 3 

[0030] The NIST data reports a density of 1 .503 lb/ft 3 
for this temperature and pressure as well. 
[0031] Pressures in the compressed gas tank 16 
would range from, for example, about 1 0 bar or less at 
the beginning of a fill to about 438 bar or more at the 
end of a fill. 

[0032] Optionally, a flow restricting orifice 38 down- 
stream of the gas volume flow meter 1 2 may be used. 
This orifice 38 provides at least two benefits. First, it 
would prevent the gas volume flow meter 12, if it is a 
turbine meter, from "overspinning." Overspinning is a 
condition where too much flow goes through the meter 
and may cause bearing failure. Second, the orifice 38 
would reduce the pressure fluctuation the gas volume 
flow meter 12 sees during the fill. By reducing the pres- 
sure fluctuation, the volumetric flow variation is also de- 
creased, thereby increasing the accuracy of the flow 
measurement. The metering valve may be, for example, 
a Butech SFPMV46V. A simple orifice would also work. 
[0033] A second preferred embodiment of the dis- 
pensing system 1 0a of the present invention is depicted 
in FIG. 2. The dispensing system 10a is substantially 
identical to the dispensing system 10, except, rather 
than having a single or multiple supply tanks 24, 28, 32, 
a single supply tank 24a is fed by a compressor 42. The 
supply tank 24a acts a surge tank to equalize pressure 
variations caused by the gas compressor 42. For the 
sake of convenience, all elements in the dispensing sys- 
tem 10a of FIG. 2 that are identical to the elements in 
the dispensing system 10 of FIG. 1 have been given 
identical reference numbers with an "a" suffix added. 
For example, the temperature transducer 36 of the dis- 
pensing system 10 of FIG. 1 has been designated tem- 
perature transducer 36a for the identical temperature 
transducer in the dispensing system 10a of FIG. 2. 
[0034] In use, the automated fill process of the 
present invention operates as follows. The dispensing 
system 10, 10a, as described above, is provided. The 
supply tank-to-gas tank connector 20, 20a is connected 
to the compressed gas tank 1 6, 1 6a of, for example, the 
vehicle 14, 14a. The supply tank valve 22, 22a provides 
the gas under pressure from the supply tank 24, 24a, 
through the gas supply conduit 40, 40a, to the com- 
pressed gas tank 16, 16a, operated, for example, by the 
fill controller 1 8, 1 8a. The supply tank valve 22, 22a al- 
lows gas to flow. A computer system, such as fill con- 
troller 18, 18a receives data including temperature and 
pressure and volume (as data from the gas volume flow 
meter 34, 34a; e.g., number of rotations of meter turbine 
is proportional to volume) of gas flowing in the gas sup- 
ply conduit 40, 40a at the gas volume flow meter 34, 
34a. This data is substantially continuously obtained for 
successive discrete timed intervals, for example, a se- 
quence of a plurality of timed intervals of twenty milli- 
seconds each. That is, for each timed interval, there is 



known a pressure, temperature and volume of the gas 
passing through the gas supply conduit 40, 40a. 
[0035] Optimally, the duration of each timed interval 
is as small as possible. However, in the preferred em- 

5 bodiment, the duration of each timed interval must be at 
least as long as the response time of the system. That 
is, the duration of each timed interval must be longer 
than the duration of time the system requires to take 
temperature, pressure and volume measurements and 

10 calculate a total mass delivered based on these meas- 
urements. 

[0036] Density of gas f lowi ng i n the gas supply conduit 
40, 40a at the gas volume flow meter is then calculated 
by the automated fill controller 18, 18a during each 

15 timed interval using the pressure and temperature 
measurements obtained for that timed interval using an 
equation of state. A mass of the gas flowing through the 
gas supply conduit 40, 40a for each timed interval is then 
calculated during the timed interval utilizing the density 

20 of gas flowing in the gas supply conduit 40, 40a during 
the timed interval and the volume of gas flowing through 
the gas supply conduit 40, 40a during the timed interval. 
Further masses of gas flowing during additional timed 
intervals are calculated and a total mass of gas deliv- 

25 ered through the gas supply conduit 40, 40a during all 
timed intervals is summed by the automated fill control- 
ler 18. 

[0037] For example, in a simple system wherein a se- 
quence of timed intervals includes two timed intervals, 

30 a first temperature, a first pressure, and a first volume 
are measured for a pressurized fluid flowing through a 
conduit during a first timed interval. A first mass of the 
pressurized fluid is calculated for the first timed interval 
by applying the first temperature and first pressure to an 

35 equation of state (e.g., as described above) to deter- 
mine a first density. The first density is multiplied by the 
first volume to determine the first mass. These steps are 
repeated for a second timed interval to obtain the sec- 
ond mass. The first and the second masses are 

40 summed to determine the total mass of pressurized fluid 
delivered during the first and second timed intervals. 
[0038] Filling times for an average car-sized gas tank 
may be, for example, about two to five minutes. Buses 
having larger gas tanks may take, for example, ten to 

45 twenty minutes to fill. 

[0039] One limitation of volume flow meters and den- 
sity calculation is the finite response rate of instrumen- 
tation (which is a known time constant). Pressure, tem- 
perature and flow rate all can change rapidly during the 

so fin process, as much as 1 50 bar, 1 0 °C, or 1 0 liters/sec- 
ond in one second. Since the response rate of these in- 
struments is typically on the order of one second, sig- 
nificant amounts of flow can be missed. Therefore, op- 
tionally, in the embodiments of the present invention, the 

55 fin controller 1 8, 1 8a may be programmed with a predic- 
tion equation or set of equations for predicting actual 
measurements for an input device with a known time 
constant. Time constants are typically around 1 second 
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or longer for flow meters and thermocouples. Pressure 
transmitters may have faster time constants, for exam- 
ple, about 0.1 seconds, but may also be more than 1 
second. An example of a set of prediction equations is: 



A= 1- 



1 



AVt 



_ Y m(j) ' ( Y m(M) + ( Y e(M)~ Y m(i--\))* A ) 

A+ *e(A1) 



Y e{!)~ 



where: 

t = the time it takes a measurement to react to 63.2% 
of an input (the value of "t "is typically approximately 
one second); 

Y m(i) = Tne current measurement; 
Y m(»-1) = Tne previous measurement; 
Y e(j) = The current estimate of the actual measure- 
ment; 

Y e(M) = Tne P revious estimate of the actual meas- 
urement; 

**t = The time between the current and the previous 
measurements; and 
A = Time Factor. 

[0040] The above is one example of such a prediction 
equation. Any other equation known to those skilled in 
the art or which may be derived by those skilled in the 
art may also be used. 

[0041] In the present invention, while sometimes de- 
sirable to reduce complexity, it is not necessary that all 
timed intervals be of equal duration. The timed intervals 
may vary based on, for example, current operating con- 
ditions such as flow rate or change in temperature or 
pressure from one timed interval to the next timed inter- 
val. The timed intervals may also vary based on the point 
in the filling process. For example, the timed intervals 
may be increased or decreased at a point near the end 
of the fill process. 

[0042] While the above description is directed specif- 
ically to compressed gases, any fluid capable of being 
transferred by a unit process may be used. 
[0043] Although illustrated and described herein with 
reference to specific embodiments, the present inven- 
tion nevertheless is not intended to be limited to the de- 
tails shown. Rather, various modifications may be made 
in the details within the scope and range of equivalents 
of the claims without departing from the spirit of the in- 
vention. 
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steps of: 

(a) measuring a first volume, a first temperature 
and a first pressure of the pressurized fluid 
flowing through the conduit during a first timed 
interval of a sequence of a plurality of timed in- 
tervals; 

(b) calculating a first mass of the pressurized 
fluid flowing through the conduit during the first 
timed interval by applying the first temperature 
and the first pressure to an equation of state to 
determine a first density and multiplying the first 
density by the first volume to determine the first 
mass; 

(c) measuring a second volume, a second tem- 
perature and a second pressure of the pressu- 
rized fluid flowing through the conduit during a 
second timed interval of the sequence of the 
plurality of timed intervals; 

(d) calculating a second mass of the pressu- 
rized fluid flowing through the conduit during 
the second timed interval by applying the sec- 
ond temperature and the second pressure to 
the equation of state to determine a second 
density and multiplying the second density by 
the second volume to determine the second 
mass; and 

(e) calculating the total mass of the pressurized 
fluid through the conduit during the sequence 
of the plurality of timed intervals by summing 
the first and second masses of the pressurized 
fluid flowing through the conduit during the first 
and second timed intervals. 

The process of claim 1, wherein the process is for 
measuring the total mass of a compressed hydro- 
gen gas. 

The fill process of claim 1 , wherein the step of cal- 
culating a first mass comprises calculating at least 
one of a predicted temperature, a predicted pres- 
sure and a predicted volume utilizing at least one 
value obtained in measuring the first temperature, 
the first pressure, and the first volume, whereby an 
error due to an instrument having a finite response 
rate is substantially corrected. 



4. The process of claim 1, wherein the plurality of 
timed intervals vary in length. 



3. 
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Claims 

1. A process for measuring a total mass of a pressu- 
rized fluid flowing through a conduit, comprising the 
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